The Impact of the Tau Mutation on Reproductive Function in the Golden Hamster by Thomasson, Eliza Leake
Virginia Commonwealth University 
VCU Scholars Compass 
Theses and Dissertations Graduate School 
1995 
The Impact of the Tau Mutation on Reproductive Function in the 
Golden Hamster 
Eliza Leake Thomasson 
Follow this and additional works at: https://scholarscompass.vcu.edu/etd 
 Part of the Anatomy Commons 
 
© The Author 
Downloaded from 
https://scholarscompass.vcu.edu/etd/5085 
This Thesis is brought to you for free and open access by the Graduate School at VCU Scholars Compass. It has 
been accepted for inclusion in Theses and Dissertations by an authorized administrator of VCU Scholars Compass. 
For more information, please contact libcompass@vcu.edu. 
Virginia Commonwealth University 
School of Medicine 
This is to certify that the thesis prepared by Eliza Thomasson entitled 
"The Impact of the Tau Mutation on Reproductive Function in the Golden 
Hamster" has been approved by her committee as satisfactory completion 
of the the degree f Master of Science. 
s W. Ma t, Ph. D. , School of Medicine 
John N. f Medicine 
ROb P Ph'D" Interim Department Chair 
Hermes A. Kontos, M. D. , Ph. D. , Dean, School of Medicine 
of Graduate Studies 
The Impact of the Tau Mutation 
Function in the Golden 
on Reproductive 
Hamster 
A thesis submitted in partial fulfillment of the requirements for the 
degree of Master of Science at Virginia Commonwealth University. 
By 
Eliza Leake Thomasson 
B . A .  in Anthropology, University of Virginia, 1 9 9 3  
Director: Richard J. Krieg, Jr., Ph.D. 
Professor of Anatomy 
Virginia Commomwealth University 




I would like to dedicate this thesis to my aunt and uncle , Tamara and 
Clyde Toms. You have not only provided me with a place to live , but you 
also have given me a sense of family and endless support during a very 
difficult year. My living situation was a little different from that of 
my friends , but I would not have traded it for the world. I have truly 
enjoyed being a member of your household. It has been especially great 
for me to have been with Clyde , Jr. and William as they have grown 
during the past year. I will never forget your kindness and support. 
iii 
ACKNOWL EDGMENTS 
First and foremost , I would like to thank Dr . George Liechnetz who , in 
his infinite wisdom , accepted me into this program and allowed me to 
prove what I always thought to be true . I would also like to thank Dr . 
Richard J .  Krieg , Jr . ,  who always had the time and the patience to help 
me through this process. He proved to be an excellent advisor as well 
as a fellow aficionado of .fine bagels. Thanks as well to Dr. Dennis 
Matt and Dr. John Clore , who agreed to sit on my committee and be a part 
of the wonderful world of hamsters. In addition , I would like to extend 
my gratitude to the faculty of the Anatomy department for their 
assistance and guidance in my courses this year. 
To my parents , I appreciate your faith and support of me and the path I 
have chosen. Thank you to Maggie , who serves as my calm head on 
numerous occasions. To Ann , who always gives me a reason to smile . To 
George , who constantly reminds me how important it is to stay grounded 
in reality. And thanks to Matt for all of the great adventures during 






a huge thank you to my classmates this year (especially Lorna , 
and Erik) for your support and friendship. You have helped me 
a very trying year and I will leave here with many great 
May we all achieve every goal we strive for - we have earned 
iv 
TABLE OP CONTENTS 
P a g e  
List of Tables . v 
List of Figures . . . . . .. . . . . . . . . . . . . . . . . . vi 
List of Abbreviations 
Abstract . .  
Introduction . 
The History of the Golden Hamster in the Laboratory 
Gonadal Regression in a Shortened Photoperiod . . . 
The Process of Recrudescence Subsequent to Regression in a 
Shortened Photoperiod . . . . . 
The Preovulatory LH Surge . . . . 
The Onset of Anestrus in a Shortened Photoperiod 
The Relationship of the Activity Cycle to Hormone Release 
The Tau Mutation 
Obj ectives 
Materials and Methods 
General . . . . . . 
Determination of the Estrous Cycle 
Preovulatory LH Surge . . . . . . 
Testicular Atrophy and Subsequent Recrudescence in a 
Shortened Photoperiod . . . . . . . . . . 
Time to Anestrus in a Shortened Photoperiod 
Analysis of Results . . . . . . . . .  . 
Expected Results . . . . . . . . . . . . . . . . . 
Preovulatory LH Surge . . . . . . . . . . . . . 
Testicular Atrophy and Subsequent Recrudescence in a 
Shortened Photoperiod . . . . 










1 5  
1 7  
1 8  
23 
2 5  
2 5  
2 6  
2 9  
3 0  
3 1  
3 2  
3 3  
3 3  
3 3  
3 4  
3 5  
41 
LIST OP TABLES 
Table 
1 .  Experimental evidence supporting the theory that the 
suprachiasmatic nucleus is responsible for the regulation 
of mammalian circadian rhythms . . . 
. . . . 
2. The observed wheel-�unning activity of the SCN-lesioned 
host following transplantation . . . . . . . . .  . 
v 
Page 
2 1  
2 2  
L:IST OP P:IGURES 
Pigure 
1 .  Sagittal section showing the relationship of the pineal 
gland to the hypothalamic nuclei in the rat brain , 
which is quite similar to that of the hamster . 
2. The structure of melatonin 
3 .  Serum LH levels throughout the estrous cycle of the 
golden hamster . . . . . . . . .  . . . . 
4 .  Coronal section detailing the relationship of the medial 
preoptic area (mPOA) and the suprachiasmatic nuclei 



























LXST OF ABBRBVXATXONS 











Medial Basal Hypothalamus 






















THE IMPACT OF THE TAU MUTATI ON ON REPRODUCTIVE FUNCTION IN THE GOLDEN 
HAMSTER 
By El i za Leake Thomasson ,  M . S .  
A thesis subm i t t ed in part ial ful f i l lment o f  the requ i rements for the 
degree of Mast er of S c i ence at Virginia Commonwealth Universi ty . 
Virginia Commonwealth Universi ty , 1995 . 
Major Director : Ri chard J .  Kr ieg , Jr . ,  Ph . D . , Anatomy 
The tau mutat ion a f fects the c i rcad i an syst em o f  t he golden hamst e r  
pr imar ily by decreasing t h e  period o f  t h e  act ivity cyc l e  from 24 to 2 0  
hours . To study the e f f e c t  o f  this mutat i on on reproduct ive funct ion in 
the go l den hamst er , 3 exper iments have been desi gned . I n  the f i rst 
exper iment , wi ld-type and tau fema l e  hamst ers wi l l  be mai ntained in 
cond i t ions of 14 : 1 0 LD and 1 1 . 7 : 8 . 3  LD , respe c t ive ly . B l ood samp l es 
wi l l  be taken and analy z e d  by radioimmunoassay ( R I A )  to determine the 
t iming o f  the proest rous LH surge . In the second experiment, wild-type 
and tau mal es wi l l  be t ransferred to short ened phot oper iods o f  10 : 1 4 LD 
and 8 . 3 : 1 1 . 7 LD , respec t ive ly , and t est i cu l a r  l ength and width w i l l  be 
used as a measure of the onset of t est icular regression and subsequent 
r e crudescence . In the f ina l exper iment , wi l d - type and t a u  f ema l es wi l l  
be t ransferred to conditions o f  1 0 : 14 LD and 8 . 3 : 1 1 . 7 LD , respe c t ive ly ,  
and t he t ime to the onset o f  anest rus wi l l  be recorded . I t  is exp e c t ed 
x 
that in the t a u  f ema l e s , the preovu l atory LH surge wi l l  occur 8 . 4  hours 
after l i ght s -on . The ons et o f  gonada l regre s s i on ,  recrudes cence , and 
ane s t rus wi l l  occur 1 6 . 7 %  [ ( 2 4 hours - 2 0  hours ) /2 4  hours] sooner i n  the 
mut ant hamster when measured in absolute t ime . When t he t ime to the 
on s e t  of these proce s s e s  is measured i n  l ight cyc l e s , however ,  it i s  
probab l e  that the s e  event s o c cur within the s ame number o f  light cyc l e s  
i n  both the wi l d - type s and t h e  t a u  hams t e r s . The bas i c  hypothe s i s  i s  
that the main impact o f  the t a u  mutat ion wi l l  be on the t iming of t he s e  
spec i f i c  reproduct ive phenomena , but the fundament a l  phys iolog i c a l  
character i s t i c s  of the s e  event s wi l l  rema i n  una f f ec t ed . The s e  r e su l t s  
wou ld sugge s t  that the t iming o f  the preovu l atory L H  surge and the 
oc currence of gonada l regre s s ion , recrude s cence , and ane s t rus in a 
short ened photoperiod are dr iven by the s ame neura l os c i l lator that 
regu l a t e s  the per iod of the act ivi ty cyc l e  i n  the golden hams t er . 
IN TRODOC TION 
The Hist ory of the Go lden Hamst er in the Laboratory 
The gol den , or Syr i an ,  hamst er ( Mesocri ce t us a ura t us )  was 
int roduced as a laboratory anima l  in 193 0 by Prof essor I srae l Aharon i , 
the head of the Department o f  Zoo logy at the Hebrew Unive rsi ty i n  
Jerusa l em ,  Israe l . Pro fessor Aharoni had trave l l ed t o  Syr ia to co l l e c t  
spec imens of hamst ers indigenous to the Midd l e  East f o r  use in the 
stud i es of leishmani a s i s  ( B l ack Fever ) be ing conducted by Sau l  Adl e r , a 
parasi t o l og ist at the universi ty . Pro fessor Aharoni returned t o  Israe l 
with a l i t ter o f  go lden hamst ers ,  a spe c i es that had never been used i n  
t h e  l aborat ory . O f  t h e  o r i gi na l  8 anima l s ,  only one ma l e  and 2 f ema l es 
survived the j ourney f rom Al eppo , Syr i a  to the l aboratory of Mr . Haim 
Ben-Menachen , the director o f  the Hebrew Unive rsi ty anima l faci l i t i es on 
Mount S c opas . Under the care of Mr . Ben-Menachen , t hese anima l s  
reproduced easi ly in capt ivi ty and proved s u i t ab l e  for a number o f  
di f ferent exper iments . Prior to Wor l d  War I I ,  o f fsp r i ng from the 
orig i na l  3 hamst ers were s ent to l aborator i es throughout Europe and the 
Uni t ed States ( Adl e r , 1 94 8 ; Murphy , 198 5 ) . Over the past several years , 
exper iments with go lden hamst ers have he lped t o  i l luminate many o f  the 
myst e r i es o f  mamma l i an l i fe ,  i nc luding those of the reproduct ive sys t em . 
In add i t i on ,  the gol den hamst e r  has provided sc i ent ists a l ook a t  the 
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f i rs t  known mutat i on o f  the vert ebrate c i rcadian sys t em .  
Gonada l Regression in a Shortened Photope r i od 
I n  the i r  natura l envi ronment , many mamma l i an spe c i es are s easona l 
breeders . For examp l e , goats and rams breed dur i ng the f a l l whi l e 
ferrets , s nowshoe hares , and hams t ers are spr i ng breeders . Seve ra l  
exper iments have shown that phot oper i od i s  a n  impor t ant factor i n  the 
loss , and ·subs equent "recovery , '  o 'f the reproduct ive func t i ons of the 
hams ter prior to the breeding s eason ( Gas t on and Menake r , 1 9 6 7 ; 
Bernds ton and Des j ardins , 1 9 7 4 ;  S t e t son e t  a l . ,  1 9 7 5 ) . Gas ton and 
Menaker ( 1 9 6 7 ) dis covered that adu l t  ma l e  hams t e rs rece iving less t han 
1 2 . 5  hours o f  l ight per 2 4 -hour day exper i enced t es t i cu l a r  regre s s ion 
and loss o f  spermatogenes i s . For t hos e anima l s  ma inta ined in shortened 
photoper i ods , the regres s i on o f  the t e s t es was cons i s t ent regard l e s s  o f  
the numbe r of hours o f  l i ght to wh i ch the hams t e r  was expos ed . As the 
body we i ght o f  the anima l s  was not a f f e c t ed ,  it was determined that the 
e f fe c t s  o f  photoper i od i c  t reatment s were ma i n ly upon the reprodu c t i ve 
sys t em .  Exposure t o  l ess than 1 2 . 5  hours o f  l ight per day mimi c s  the 
natura l shortening o f  the days dur ing t he autumn . The phys i o l og i c a l  
respons e o f  the hams t e r  t o  short e r  days apparent ly ensures that bre e d i n g  
does n o t  cont inue under t h e  harsh winter cond i t i ons . 
I t  was later d i s c overed that t e s t i cu l a r  regres s ion was not the s o l e  
e f fe c t  o f  l ight deprivat ion . H i s t o l og i c a l  s e c t i ons o f  at roph i e d  t e s t e s  
showed that there was a concurrent degeneration o f  s emin i fe rous 
ep i the l ium ,  reduct ion i n  the secretory act ivity o f  the ep i t he l i um ,  
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disappearance o f  spermatozoa and spermat ids ,  and a reduc t i on i n  the 
d i ameter o f  the semin i fe rous tubu l es . In add i t i on ,  there was a 
decrease in the l eve ls o f  c i rcu lat ing t estost erone , l oss o f  t est i cular 
abi l i ty t o  convert t r i t iated progest erone to t r i t iated t estost erone , 
de c rease in the p lasma c oncent rat ions o f  lut e i n i z ing hormone ( LH )  and 
fol l i c l e - st imu lat ing hormone ( FSH ) , and reduct i on in the we ight o f  the 
semi nal vesicles and vent ral prostat es . There was no sign i f i c ant change 
i n  the concent rat ions o f  prot e i n ,  RNA , or DNA w i t h i n  the regresses 
test i c les ( Desj ard ins e t  al . ,  1 9 7 1 ;  Berndston and Desj ardi ns ,  1 9 7 4 ;  Chan 
and Ng, 1994). 
The Process of Recrudescence Subsequent to Reqression in a Short ened 
Photope r i od 
Exposure of the an imals to a long - day photoper iod [LD ( l ight : dark ) 
rat i o  14:10] for several weeks was found to be su ff i c i ent to' reverse the 
e ff e c t s  of l i ght depr ivat ion . Return t o  normal c oncent rat ions o f  both 
hypophyseal and p lasma LH and p lasma FSH occurred a f t e r  10  to 20  days of 
exposure to a 1 4 : 1 0 LD cyc l e  i n  hamst ers or i g ina l ly kept in cond i t i ons 
of constant darkness ( DD )  for 6 0  days . A f t e r  2 0  days of the 1 4 : 1 0 LD 
cyc l e ,  the t est es had regained the capac i ty to convert t r i t i at e d  
progest erone into t r i t i ated t estost erone . The c i rculat ing t estost e rone 
l eve ls were twi c e  normal 5 0  days a f t e r  the retu rn t o  a 1 4 : 1 0 LD cyc l e . 
Test i cu l ar we i ght reached cont rol l eve l s  w i t h i n  5 0  days o f  consist ent 
exposure t o  an envi ronment of 1 4 : 1 0 LD ( Be rndston and Desj ardi ns , 1 9 7 4 ) . 
Fo l l owing regrowth , the t est es o f  animals exposed t o  a short ened 
photoper i od were gros s ly and mi c roscop i ca l ly indi s t ingu i shab l e  f rom the 
t e s t e s  of an ima l s  ma intained on a long -day photoper i od ( Re i t e r , 1 9 72 ) . 
Th i s  return t o  func t iona l capa c i ty was t e rmed " re c rudes c ence " .  
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Further exper iment s indi cated that da i ly exposure t o  a long - day 
photoper iod was not necessary to induce recrude s c ence a f t e r  cons tant 
darkne s s . One 6 -hour l ight pu l s e  every 3 6  or 6 0  hour s  was suf ficient t o  
s t imu l ate te s t i cu lar regrowth . The s e  f indings l e d  t o  the idea that the 
rhythm o f  photosens i t ivity is the corner s t one of the photoper i od i c  
re sponse t o  l i ght ( St e t son et a l . ,  1 9 7 5 ) . The rhythm o f  
photos ens i t ivity i s  about 2 4  hours l ong and i s  divided into 2 pha s e s  o f  
approx imately equal l ength , a l ight - s ens i t ive and l ight - in s ens i t ive 
port ion . The hams t e r  i s  a nocturna l an ima l . The l ight - s ens i t ive pha s e  
c o i n c ide s  with the act ive port ion o f  the hams t e r ' s  c i rcadian act ivity 
cyc l e . Thi s  act ive port ion , ca l l ed subj e c t ive n i ght , i s  about 1 2  hou r s  
in l ength . The beg inn i ng o f  ' t h i s  port i on i s  marked by the ons e t  o f  
a c t ivi ty (usua l ly whee l - runn�ng act ivity ) . The i n s en s i t ive pha s e  o c c u r s  
dur i ng t h e  inact ive p e r i od o f  t h e  hams t e r  - s Ubjec t ive day ( El l iot t , 
1976). The e f f e c t s  o f  l ight on the reproduct ive sy s t em are who l ly 
dependent on the port ion o f  the an ima l ' s  c i rcad i an rhythm dur ing wh i ch 
the l i ght fa l l s . When the 6 -hour light pu l s e  was g iven a f t e r  3 6  o r  6 0  
hour s ,  i t  fel l dur ing the l ight - sens i t ive phas e . Thi s s t imulated 
t e s ticu l a r  regrowth . In c ontras t ,  giving the l ight pu l s e  a f t er 2 4  o r  4 8  
hours had no e f f e c t  on regrowth becau s e  i t  fe l l  dur i ng the i n s e n s i t ive 
pha s e  ( St e t son e t  a l . ,  1 9 75 ) . 
Interes t ingly , hams t e r s  expe r i ence regre s s ion f o l l owed by 
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spontaneous r e c rude s cence and regrowth o f  the t e s t e s  i f  they are expos ed 
for a l ong enough t ime to short ened photoper iods , or con s t ant darkne s s . 
The spontaneous recrude s cence occurs 2 0  t o  3 0  weeks a f t e r  the 
int rodu c t ion o f  the short photoperiod ( Re i t e r , 1 9 7 2 ; Turek et a l . ,  1 9 7 5 ;  
B i t tman , 1 9 7 8 ;  S t eger e t  a l . ,  1 9 8 2 ; Ne l son and Zucke r , 1 9 8 7 ) . Steger 
and hi s co l l eagues ( 1 9 8 2 )  obs erved that the t e s t i cu lar we i ght o f  ma l e  
hams t e r s  ma intained in a 5 : 1 9 L D  cyc l e  reached a l ow a fter about 7 . 5 
weeks o f  exposure to the short ened photoper iod and rema ined at that 
l eve l  unt i l  week 19 . A sharp r i s e  i n  we ight was vi s ible by week 2 0 . 
The we i ght o f  the s emi na l ve s i c l e s  o f  the s e  an ima l  fo l lowed a s imi l a r  
pat tern . I t  has been det e rmined that regre s s ion occurs in the f i r s t  8 
t o  10 we eks o f  exposure , fo l lowed by a lat ency per iod o f  8 to 1 0  weeks 
( El l i o t t , 197 6 ) . Once recrude s c ence has begun , the hams t e r s  are no 
longer re spons ive to short photope r i ods . Thi s  i n t e rva l is known a s  the 
r e f ractory period ,  dur i ng whi ch t ime gonada l regrowth occurs regard l e s s  
o f  the amount o f  l i ght the hams t e r  rece ive s  da i ly . Ne l s on and Zucker 
( 19 8 7 ) a t t empted to a l t e r  the t iming o f  recrude s c ence by expos ing 
hams t e r s  to occas iona l l ong -days dur ing an otherwi s e  con s t ant shor t - day 
environment . Ne i ther the t ime t o  rec rude s c ence nor the re fractory 
re spon s e  wa s changed in tho s e  hamsters . Apparent ly , the t iming o f  
t e s t i cu l ar regrowth i s  interna l , and appears t o  b e  an evo lut ionary 
mechan i sm that ensures the hams t e r s  are prepared t o  breed by the spr i ng . 
Re lat ive ly l i t t l e  i s  known about the proc e s s e s  beh ind t e s t i cu la r  
regre s s ion and regrowth . The s e c re t ory rhythms o f  the p ineal g l and 
(Figure 1 ) , con t ro l l e d  by the c i rcadian pacemaker i n  the suprachi a sma t i c  
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nuc l eus ( SeN ) , are known to a f fect the respons e  o f  the hams t e r  t o  a 
shortened phot oper iod . Ho f fman and Re i t e r  ( 1 9 6 5) s tudied the individua l 
and combined e f fe c t s  o f  b i lateral remova l o f  the eye s  ( enuc l eat i on ) and 
p i neal ect omy on hams ters exposed to cond i t ions of 1 : 2 3 LD . Hams t e r s  
that underwent a pine a l e c t omy d i d  not d i s play gonada l regre s s ion when 
expos e d  to short -day cond i t ions . Hams t e r s  that we re b l i nded expe r i enced 
t e s t i cu l ar atrophy regard l e s s  o f  the l ight condi t ions , probably due t o  
the percept ion o f  con s t ant darkne s s . The gonads o f  the anima l s  that 
were enucl eated and p inea l e c t omi zed did not regre s s . It i s  thought t ha t  
the p i neal g l and produces and s e c r e t e s  a n  ant i gonada l hormone when t h e  
an ima l i s  expos ed to a short ened photoper i od or c on s t ant darkne s s . 
Severa l  exper iment s have l ed t o  t he theory that me latonin ( F i gure 2 )  i s  
the ant i gonada l hormone i n  que s t ion ( Turek e t  a l . ,  1 9 7 5 ;  B i t tman 1 9 7 8) . 
Da i ly me laton in inject ions or me laton i n  imp lant s have been found t o  
induce gonada l regre s s i on in hams t e r s  expos e d  t o  l ong phot ope r i ods . Yet , 
ju s t  as under ext ended cond i t i on s  o f  con s t ant darkne s s , spont aneous 
recrude scence i s  obs erved dur ing pro l onged me laton in t r eatment s .  I t  i s  
thought that spontaneous recrude s c ence occurs when the neura l target 
t i s sues re spons ible for t e s t i cu l a r  ma int enance become i n s ens i t ive t o  the 
short - day me laton i n  s igna l . Thi s  r e f ractory per i od may beg in a s  s oon a s  
1 5  weeks f o l l owing the int roduct ion o f  the short ened phot oper iod (Ne l s on 
and Zucker , 1 9 8 7 ) , thus preceding not i c eabl e  t e s t i cu l a r  regrowth by 5 
weeks . 
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Figure 1. Sag i ttal se c t i on showing the re lat i onsh ip o f  the p ineal 
g l and to the hypothalam i c  nuc l e i  in the rat bra i n ,  whi ch is qu i t e  
s imilar to that o f  the hams t e r . ( Adapted from Paxinos and Watson , 1 9 8 6) . 
Pigure 2. The st ruc t u r e  o f  me latonin 
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The Preovu l atory LH Surge 
The reproduct ive cyc l e  o f  the f ema l e  hams t e r  i s  very we l l  de f ined 
in wi l d - t ype an ima l s  expos ed to l ong photoper iods . The e s t rous cyc l e  
l as t s  f o r  4 days and i s  marked by predi ctab l e  hormona l shi f t s . For 
examp l e , there is an LH surge that occurs within a c e r t a i n  t ime per i od 
on the a f t e rnoon o f  proe s t rus ( F igure 3 ) . As has been documented i n  
fema l e  hams ters ma intained o n  a 1 4 : 1 0 L D  cyc l e  ( l ight s o n  a t  0 5 0 0  
hours) , the LH concentrati on beg ins to r i s e  between 1 3 0 0  and 1 4 3 0 hour s ,  
there i s  a peak between 1 5 0 0  and 1 6 0 0  hours , and by 2 1 0 0  hours the LH 
concentrat ion has returned to bas e - l ine leve l s  ( Go l dman and Port e r , 
1970; Turgeon and Greenwa l d ,  1 9 7 2 ; Bas t and Greenwa l d ,  1 9 7 4) . Ovu lat ion 
occurs on the f o l l owing day , e s t rus , approx ima t e ly 9 t o  10  hours a f t e r  
the LH peak ( Go l dman and Port e r , 1 9 7 0 ) . 
The theory of a c r i t i ca l  per iod for LH r e l e a s e  wa s t e s ted i n  
experiment s ut i l izing phenobarbi t a l  ( wh i ch suppre s s e s  t h e  act ivity o f  
t h e  hypotha l amus) and hypophys e c t omy ( remova l o f  t h e  p ineal g land) i n  an 
att empt to block ovu lat ion ( Greenwa l d ,  1 9 7 1) . An ima l s  in t h i s  
experiment were kept in a n  envi ronment o f  1 4 : 1 0 LD , with t h e  l ight s o n  
a t  0 5 0 0  hours . Phenobarbi t a l  ( 6 . 5  mg / 1 0 0  g body w t )  i n j e c t ed at 1 3 0 0  
hours on proe s t rus succe s s fu l ly bl ocked ovu lat ion the fol lowing day in 
a l l  of the t e s t  an ima l s . I n j e c t i on s  g i ven t o  1 6  an ima l s  at 1 4 0 0  hours 
resu l t ed in part i a l  ovu lat ion in 2 an ima l s , fu l l  ovu lat i on i n  1 anima l , 
and the other 1 3  d i d  not ovu l at e . I n j e c t ions g iven at 1 5 0 0  and 1 6 0 0  
hours we re insu f f i c i ent t o  block ovu lat i on i n  any o f  the hams t er s . 
Remova l o f  the p i tu i tary g l and between 1 3 0 0  and 1 5 0 0  hou r s  on proe s t ru s  
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ESTRUS DIESTRUS I DIESTRUS II 
DAYS OF THE HAMSTER ESTROUS CYCLE 
F i gure 3 .  Serum LH l eve l s  throughout the e s t rous cyc l e  o f  the g o l den 
hams t e r . E s t rus is the day on whi ch ovu l at i on occurs . ( Adapted from Bas t  
and Greenwald, 1974). 
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prevented ovu lat ion the next day . Hypophy s e c t omy per formed between 1 5 3 0 
and 1 6 3 0  hours on proe s t rus blocked ovu lat ion i n  only 2 5 %  o f  the 
an ima l s . Based on the s e  resu l t s , i t  appears that the c r i t i c a l  per iod 
for the r e l ease o f  ovu latory hormone s  occurs be fore 1 5 0 0  hours on the 
a f t e rnoon o f  proe s t rus . 
The r e l ea s e  o f  LH on the a f t e rnoon o f  proe s t ru s , and subs equent 
ovu lat ion , are now known to be regulated i n  the hams t e r  by the p r e s en c e  
o f  e s t rogen from t h e  matur ing f o l l i c l e s . Labhsetwar ( 1 9 7 2 ) found that 
ovu lat ion cou l d  be blocked by the int roduct i on o f  ant i e s t rogens i n  the 
late a f t ernoon o f  d i e s t rus I I . I n  addi t ion , e s t radi o l  ben zoat e wa s 
e f f e c t ive in restoring ovu lat ion in tho s e  anima l s  that had been treated 
concurrent ly with ant i e s t rogens . Labhsetwar and h i s  col l eagues ( 1 9 7 3 ) 
later a t t empt ed t o  det e rmine whether e s t rone and prog e s t e rone , in 
add i t ion to e s t radio l , p l ayed a ro l e  i n  the indu c t i on o f  ovu lat i on . 
Th i s  was accomp l i shed by measur i ng the concent rat i on s  o f  e s t radio l , 
e s t rone , and proge s t erone in the ova r i an venous bl ood at var i ou s  point s 
throughout the e s t rous cyc l e . In t h i s  exper iment , e s t rus was denot e d  a s  
Day 1 ,  d i e s t rus I as Day 2 ,  d i e s t rus I I  as Day 3 ,  and proe s t rus a s  Day 
4. Est radiol was observed to peak in the afternoon of diestrus II, 
rema i n  h i gh through proe s t ru s  and the LH surge , and dec l ine on e s t ru s . 
E s t rone l eve l s  rema i ned fa i r ly con s t ant throughout the cyc l e . The rat i o  
o f  e s t radi o l  to e s t rone output was h i gh i n  favor o f  e s t radi o l  o n  the 
a f t e rnoon o f  d i e s t ru s  I I ,  indicat ing that the obs e rved increased 
e s t rogen s e cret i on at thi s t ime was re lated to a concurrent i n c r e a s e  i n  
t h e  output o f  e s t radio l . The s e c r e t ion o f  proge s t e rone was at i t s  
h ighest on est rus , f o l l owing the LH surge . From these resu l t s ,  i t  
fo l lows that est radiol has a st rong t empora l r e l a t i onship t o  the 
preovu l a tory r e l ease of LH . 
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Once the presence o f  est rogen was estab l i shed as important for the 
ovu latory process ,  the next st ep was t o  e lu c i da t e  t o  what ext ent this 
hormone was responsible for the cyc l i c gonadotrop i n  r e l ease . S t etson 
and his cohorts ( 1 9 7 8) proposed two mode ls of invo l vement . The f i rst 
st ated that e l evat ed estrogen l eve l s  wer e  mandatory for the re l ease o f  
the gonadotrop i ns . The second speculated that gonadot rop ins cont i nued 
to be r e l eased in the absence o f  a h i gh est rogen concentrat ion , but not 
to the same extent as in the presence o f  est rogen . They l ooked at 3 
group s o f  ova r i e c t omized f ema l e  hamst e rs ma inta ined on a 1 4 : 1 0 LD cyc l e . 
The f i rst group rece ived 5 mm S i l ast i c  imp l ants conta i n ing c ryst a l l ine 
est rad i o l ,  the second group rece ived empty imp l ants , and the t h i rd group 
rece ived no imp l ant . Every group demonst rat ed a da i ly a f t ernoon peak o f  
L H  that t empora l ly resembled the proest rous L H  surge , whi ch i s  typ i c a l  
o f  the hamst e r  dur i ng the short - t e rm f o l l owing ova r i e c t omy . W i t h i n  t h i s  
p e r i od ,  hamst ers assume a pat t e rn o f  da i ly surges o f  L H  whi c h ,  as j ust 
mentioned above, resemble the timing of the proestrous LH surge. 
However ,  this re l ease common ly is not sign i f i cant ly d i f f erent f rom the 
serum LH concent rat i ons at other po ints dur ing the day . The resu l t s  o f  
St e t s on and his co l l eagues ( 1 9 7 8) showed that the est rogen imp l an t  
increased t h e  concent rat i on o f  L H  secreted t o  l eve ls approx ima t i ng t hose 
of proest rus , but only on day 1 of the imp lant . On subsequent days , 
observed peak serum LH l eve ls were reduced . The authors suggest ed the 
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pos s ibi l i ty o f  an eventua l negat ive feedback re spon s e  i nduced by the 
high l eve l s  of e s t rogen . The data from thi s exper iment support the 
theory that the cyc l i c  r e l e a s e  of gonadotrop i n s  is regu l ated by a neura l 
osc i l lator , estrogen mer e ly s e rve s to modu late the amounts secret ed. 
Neural pathways are a l s o  important i n  the reprodu c t ive cyc l e  o f  the 
hamst er . Comp l e t e  dea f ferentat ion o f  the medi a l  bas a l  hypotha lamus 
( MBH ) induces acyc l i c i ty in f ema l e s  in add i t ion t o  i nduc ing a redu c t ion 
in ovar i an , uter ine , and p i tuitary we ights . There is a l s o  an 
accumulat ion o f  LH in the p i t u i t ary g l and , which i s  accompan ied by 
diminished LH l eve l s  in the p l a sma ( Norman e t  a l . ,  1 9 7 2 ) . Us ing 
dea f f erentat ion and l esioning t e chn iques , Norman and Sp i es ( 1 9 7 4 ) , 
examined the int egr i ty o f  the bi lateral pathway from the med i a l  preop t i c  
area ( mPOA) ( Figure 4 )  t o  the MBH . Four an ima l s  underwent a bi l a t e r a l  
d i sconnect ion o f  the mPOA and MBH , 3 a un i l ateral s everance o f  the 
pathway , 5 a bi lat era l mPOA l e s ion , and 9 hams t e r s  rece ived a m i s p l a c e d  
bi lateral l e s ion (not t o  t h e  mPOA ) . These an ima l s  were subsequent ly 
ovar i e c tomi z ed and t reated with i n j e c t ions o f  est rad i o l  ben zoat e . Thos e  
anima l s  with the bi lateral dea f ferentat ion o r  mPOA l e s i on did not 
d i sp l ay an est rous cyc l e  or r e l e a s e  LH , desp i t e  the e s t rogen supp l ement. 
However ,  hams ters with un i l ateral pathway d i s rupt ion or m i s p l aced 
l e s ions exhibited both an e s t rous cyc l e  and a pos t - ovar i e c t omy LH surge 
in response to the e s t rogen i nje c t i ons. The s e  resu l t s  con f i rm that the 
medi a l  preopt i c  area , the medi a l  bas a l  hypotha l amus , and the pathway 
between the s e  two s t ructures s e rve as important regu l a tory component s i n  
the e f fects o f  e s trogen o n  the reproduct ive cyc l e  o f  the hams t er . 
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The reproduct ive cyc l e  o f  the hamst e r  is cont rol l ed by an 
endogenous b i o l og i c a l  c lock located within the suprachiasmat i c  nuc l eus 
( SeN ) ( St e t son and Anderson , 1 9 8 0 ) . Input concerning l ight - dark cyc l e s  
reaches t h e  seN v i a  the ret inohypotha l am i c  t ract . The seN sends 
conne c t ions to the medi a l  bas a l  hypotha l amus that probably i n f luence the 
output o f  rel easing and inhib i t ing hormones t o  the p i t u i tary g l and 
(Figures 2, 4). The reproduct ive cyc l e  can f r e e - run on i t s  own per iod 
in the abs ence o f  z e i tgebers ( ext erna l ent rain ing agent s ,  i . e .  l i ght 
cue s ) , and is probably dependent on the endogenou s rhythms o f  the seN . 
Al l eva and h i s  col l eagues ( 1 9 7 1 )  noted that f ema l e  hams t e r s  ma intained 
i n  cond i t ions of 1 6 : 8  LD disp l ayed est rous cyc l e  p e r i ods of 
approximat e ly 96  hours . Among 19  an ima l s ,  the observed range was 9 5 . 8 5 
hours to 9 6 . 1 1 hours . Twenty add i t i ona l an ima l s  were moved f rom LD 1 6 : 8  
into cond i t ions o f  con s t ant l ight ( LL ) .  A f t e r  an adaptat ion per iod o f  
s evera l days , the endogenous e s t rous cyc l e s  o f  the individual anima l s  
we re visibl e . The observed p e r i ods ranged from 9 5 . 3 5  hours to 9 7 . 54 
hours , yet the s e  cyc l e s  were norma l i n  a l l  regards de sp i t e  the i r  vary ing 
lengths . E i ght een o f  these 2 0  anima l s  disp l ayed endogenous est rous 
cyc l e  per i ods that were sign i f i cant ly d i f f e rent from the 9 6 -hour per i ods 
observed in an imals ma inta ined in a cont rolled l i ght ing environment . 
When the s e  an ima l s  were returned to LD 1 6 : 8 , the e s t rous cyc l es were 
r e s t ored t o  the expected per i od o f  about 9 6  hou r s . Thu s , the 
reprodu c t ive cyc l e  o f  the f ema l e  hamst er has its own endogenous p e r i od 
but might a l so be responsive t o  ext e rnal l ight cues. Thi s  i s  indicated 










Pigure 4. Corona l s e c t ion det a i l i ng the r e lat ion ship o f  the medi a l  
preopt i c  area ( mPOA ) and the suprachi a smat i c  nuc l e i  ( SCN ) t o  the opt i c  
chiasm . (Adapted f rom Kn i gge and Jos eph , 1 9 6 8 ) . 
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de s c r ibed above . 
The Ons et of Ane s t rus in a Short ened Phot operiod 
Fema l e  or ma l e  hams t e r s  p laced in cond i t i on s  of con s t ant darkne s s  
( DD )  wi l l  disp lay an act ivity p e r i od that i s  s l i ght ly shorter o r  long e r  
than t h e  2 4 -hour per i od obs erved i n  a contro l l ed- l i ght ing env i ronment . 
The c i rcadian os c i l lator , whi ch entrains t o  the LD cyc l e , i s  a l lowed t o  
free - run o n  i t s  endogenous per iod when there a r e  n o  ext erna l l ight c u e s . 
The reproduct ive sys t em ,  whi ch has some component s under the cont r o l  o f  
the c i rcadian o s c i l lator ( St e t son and Ande rson , 1 9 8 0 ; F i t zgera l d  and 
Zucker , 197 6 ) ,  is markedly a f f e c t ed by cond i t ions of DD . The ovar i e s  o f  
hams t e r s  that have been b l i nded involute , show a dimi n i shed number o f  
antral fol lic l e s , a reduct ion i n  the corpora lutea , and a hypert rophy o f  
the inters t i t ium . In addi t ion , the we i ght o f  the ut erus and the 
c i rculat ing e s t radi o l  leve l s  undergo a s i gn i f i cant dec l ine ( Re i t e r , 
1 9 6 8 ;  Jorgenson and Schwart z ,  198 5 ) . 
S imi lar change s  are not ed when the an ima l s  are ma inta ined on a 
short ened photoper i od . Seegal and Go ldman (197 5 )  obs e rved 1 3  f ema l e s  
hou s ed in a 1 0 : 1 4 L D  cyc l e , w i t h  l ight s o n  a t  0 5 0 0  hour s , for s eve r a l  
weeks . After 6 weeks i n  t he s e  cond i t ions , 1 1  o f  the anima l s  were 
a cyc l i c . I n  add i t ion ,  the t iming o f  the da i ly peaks o f  LH , FSH , and 
proge s t erone l eve l s  were s imi lar t o  tho s e  s een i n  ane s t rous f ema l e s , 
that i s  around mid - a f t e rnoon ( Seega l and Go ldman , 1 9 7 5 ;  B r i dg e s  and 
Go l dman , 1 9 7 5 ;  Jorgenson and Schwart z ,  198 5 ) . Jorgenson and S chwart z 
(19 8 5) hypothe s i z e that the s e  hormona l surge s i nh i b i t  the development of 
the f o l l i c l e s  and contr ibute t o  the degenerat ion o f  the ovar i e s  i n  
f ema l e s  expos ed to short ened phot ope r i ods . 
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As shown in the ma l e , me latonin inje c t ions can i nduce e f fect s 
s imi lar to those found a f t e r  exposure t o  a short ened photoper i od i n  the 
f ema l e  hams ter ( Tamarkin e t  a l . ,  1 9 7 6 ) .  However ,  the ant igonada l 
e f fect s o f  me laton in are dependent on the t ime o f  day at whi ch i t  i s  
int roduced . Fema l e s  were ma i n t a i ned on a 14 : 1 0 LD cyc l e , with l i ght s on 
at 0 6 0 0  hours . Inject ions of 2 5  ug me laton i n  were g iven to 6 an ima l s  
da i ly a t  0 9 0 0  hours . Five anima l s  rece ived 2 5  ug me laton in inje c t ions 
and f i ve rece ived 2 . 5  ug me laton i n  i n j e c t ions at 1 6 0 0  hours each 
a f t e rnoon . At the end o f  the s even week t reatment per i od ,  a l l  o f  the 
f ema l e s  that rece ived the morn ing i nje c t i on s  had reta ined cyc l i c i ty . By 
compar i son , 1 0 0 %  of the anima l s  inje c t ed dai ly with 2 5  ug me laton i n  and 
83% o f  the hams ters t reated with 2 . 5  ug me l aton i n  i n  the a f t e rnoon had 
be come acyc l i c . The acyc l i c  an ima l s  a l s o  d i s p l ayed the expected da i ly 
a f t e rnoon surges o f  LH and FSH . Thu s , the f ema l e  hams t e r  demon s t ra t e s  a 
clear d iurna l rhythm o f  sens i t ivi ty t o  me laton i n  a s  evidenced by the 
fact that da i ly inject i on s  of thi s ant i gonada l hormone produced short­
day effect s  only when admin i s t ered in the a f t e rnoon . 
Para l l e l  to the occurrence o f  r e c rude s cence i n  the ma l e , the 
spon taneous r e s t orat i on of cyc l i c i ty is obs e rved a f t er approximat e ly 1 6  
to 2 0  weeks o f  exposure t o  a shor t - day photoper i od ( Seega l and Go ldman , 
1 9 7 5 ;  S t e t s on and Ande r s on , 1 9 8 0 ) .  After resumpt ion o f  the e s t rous 
cyc l e ,  the f ema l e s  become photore f ractory and d i s p l ay norma l cyc l e s  
de sp i t e  the short ened photoper i od . A s  was previou s ly d i s cu s s e d ,  t h i s  
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photore f rac tory per iod i s  mos t  l ikely due t o  the de sens i t i zat i on o f  the 
neura l t i s sues regu lat ing the reproduct ive cyc l e  t o  the short -day 
me laton i n  s ignal ( B i t tman , 1 9 7 8 ) . 
The Relationship of the Ac tivity Cyc le to HOrmone Relea s e  
I t  has s ince been demons t rated that t h e  preovu latory L H  surge i s  
t empora l ly related t o  the act ivity cyc l e  o f  the hams t e r  ( St e t s on and 
Gibson , 1 9 7 7 ; Swann and Turek , 1 9 8 5 ) . St e t son and G i bson ( 1 9 7 7 ) p la c e d  
p inea l e c tomi z ed fema l e s  i n  cond i t ions o f  LD 6 : 1 8 ,  w i t h  l ight s on at 1 0 0 0  
hours . After a p inea l e c t omy , acyc l i c i ty was not induced by a shortened 
photope r i od nor was there an interrupt ion o f  norma l entrainment t o  the 
l i ght cyc l e . Of 7 6  hams t er s , 6 3  began the i r  act ivi ty per i od around 1 6 0 0  
hours ( l ight s out ) and the other 1 3  began around 22 0 0  hours . Tho s e  
anima l s  who began whee l - runn i ng around 1 6 0 0  hours d i sp l ayed a 
preovu lat ory LH surge at approxima t e ly 1 3 0 0  hour s . The hams ters that 
had a l a t e r  act ivity ons e t  had a preovu lat ory LH surge at about 1 9 0 0  
hours . In both groups o f  anima l s , the preovu l atory LH surge 
cons i s t ent ly preceded the da i ly act ivi ty p e r i od by 3 hours . The s e  
results suggest that the activity cycle and the preovulatory 
gonadotrop i n  cyc l e  are contro l l e d  by the s ame c i rcad i an os c i l lator. 
Swann and Turek (1 9 8 5 ) mon i t ored 18 ovar i e c t omi zed hams t e r s  w i t h  
e s t radi o l  ben zoat e imp l ant s ma intained under cond i t ions o f  con s t ant 
light (LL). A f t e r  an adapt ion p e r i od , 6 f ema l e s  d i sp l ayed a s ing l e  
endogenous act ivity p e r i od , 1 0  exh i b i t ed sp l i t  act ivity rhythms , and 2 
anima l s  were di smi s s ed f rom the exper iment due t o  unreadab l e  rhythms. 
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The anima l s  with a s ing l e  act ivi ty record pre sented with a s ing l e  LH 
surge one to 4 hours prior t o  act ivi ty commencement . Thos e  hams t e r s  
with sp l i t rhythms had 2 da i ly LH surges corre spond i ng to the 2 act ivi ty 
p e r i ods , each occurr ing up t o  4 hours be fore act ivity ons e t . The 
resu l t s  o f  this exper iment con f i rm that the p i t u i tary LH surge and the 
locomotor rhythm are both regu lated by a c i rcad ian o s c i l lator . In 
add i t i on ,  the appearance o f  s p l i t  rhythms sugge s t s  that the o s c i l lator 
i s  actua l ly composed o f  at lea s t  two s eparat e  componen t s . The current 
theory is that the s e  component s are t i ght ly coup l ed i n  a l i ght -dark 
cyc l e  but may become un l inked under con s t ant l ight i ng cond i t ions 
( P i t t endr igh and Daan , 1 9 7 6 ) . 
The Tau Mutat ion 
Over the pas t  s everal years , mutat ions within nonvertebrate 
c i rcadian sys t ems have been int ens e ly s tudied . The mutat ions o f  the 
b i o l og i c a l  c l ocks o f  Drosophila ( f ru i t  f ly ) , Neurospora ( as comycetou s  
fungus) , and Chlamydomonas (sing l e - c e l l e d  photosynthet i c  f l age l lat e ) 
have provided c lues about the me chan i sms o f  c i rcad i an rhythmi c i ty w i t h i n  
tho s e  organ i sms . However, i t  was n o t  unt i l  1 9 8 8  that a mutat ion 
a f f e c t ing a vert ebrate sys t em was d i s covered i n  the go lden hams t e r. The 
mos t  evident e f fect of t h i s  mutat i on i s  the shorten i ng of the c i rcad i an 
act ivity rhyt hm ,  but l i t t l e  i s  known about i t s  e f f e c t s  on other i nt erna l 
s ys t ems . 
I n  1 9 8 8 , Mi chae l Menaker and Mart i n  Ra lph d i s covered an unusual 
an ima l among tho s e  that they had rece ived from the Char l e s  R iver 
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Breeding Labs . One ma l e  go l den hams t e r  exhibited an 
unchara c t er i s t ical ly short per iod of c i rcadian rhythm i c i ty under 
cond i t ions o f  cons tant darkne s s . The norma l f re e - runn ing act ivity 
per iod o f  the hams t e r  i n  c ond i t i ons o f  con s t ant darkn e s s  i s  
approxima t e ly 2 4  hour s ,  but thi s hams t e r  exhibited a f ree - runn ing p e r i od 
o f  about 22 hours . In add i t i on ,  thi s an ima l d i sp l ayed abnorma l 
ent rainment when exposed to a 14 : 10 LD cyc l e . Ent rainment was obs e rved , 
but the an ima l wou ld begin his act ivity per iod about 4 hours ear l i e r  
than t h e  norma l anima l s . 
I n t r igued by the s e  obs ervat ions , Menaker and Ra lph ( 1 9 8 8 ) began 
mat i ng thi s hams ter with f ema l e s  who exh i b i t ed norma l f ree - runn ing 
per i ods . The ma l e  was mated with 3 fema l e s  and a total o f  2 1  o f f sp r i ng 
were produced . O f  the o f f sp r i ng ,  1 0  exh ib i t ed norma l free - runn ing 
p e r i ods and 1 0  exhibited the shortened free - runn i ng periods under 
condit ions of constant darkne s s . There was one o f f spring who pre s en t e d  
with unreadable data . Bas e d  on the d i s t r ibut i on o f  the mutat ion w i t h i n  
the o f f spr ing , i t  was as sumed that t h e  abnorma l free - runn ing per i od was 
the r e su l t  of a mutat ion at a s ingl e , autosoma l locus . The origina l 
abnorma l ma l e  was thought t o  be hetero zygou s for this gene . 
Further breeding s tudi e s  produced anima l s  that exhibited a f ree­
runn ing per iod o f  20 hours under cond i t ions o f  con s t ant darkne s s . The s e  
hams t e r s  were the r e s u l t  o f  mat ing 2 pre sumpt ive het ero zygot e s . 
Add i t i onal cros s e s  were performed among het erozygo t e s  and homo zygo t e s  
f o r  t h e  mutat ion . The r e su l t s  o f  the s e  mat ing exper iment s l e d  t o  the 
conc lus ion that the an ima l s  with the free - runn ing p e r i od of 2 0  hou r s  
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were i ndeed homozygous for the mutat ion . The s e  findings enab l e d  Menaker 
and Ra lph ( 1 9 8 8 ) to conc lude that they were working w i t h  a mutat i on ,  
whi ch they ca l l ed t a u .  They a s sumed that i t  was part ia l ly dominant and 
oc curred at a s ing l e , autosoma l locus. The pr imary e f f e c t  of the tau 
mutat ion i s  to short en the c i rcadi an act ivity p e r i od of the carri er. 
Although many of the e f f e c t s  of the t a u  mut at i on are not we l l  
known , the mutat ion has been int egra l i n  un locking one o f  the mys t e r i e s  
o f  the mamma l ian c ircadian sys t em. For s ome t ime i t  was as sumed that 
the suprachiasmat i c  nuc leus ( SCN ) i n  the hypotha l amus ( F igure 4 )  
conta ined the ce l l s  that might be re spon s ible for the regu lat ion of 
ove rt mamma l ian c i rcadian rhythms ( Tabl e  1 ) .  A s tudy by Ra lph and h i s  
co l l eagues ( 1 9 9 0 ) supported and extended thi s hypothe s i s . I t  invo l ved 
both norma l and t a u  mut ant hams t e r s .  The S C N  o f  hos t  anima l s  were 
l e s i oned and SCN ce l l s  from donors with di f f erent genotypes we re 
t ransp lanted . The idea behi nd this exper iment was t hat if the SCN was 
i ndeed the pacemaker o f  the c i r cadi an sys t em ,  the SCN- l e s ioned hos t  
wou ld d i sp l ay the per iod of the donor f o l l owing the t ransplant. I n  a l l  
c a s e s , the per iod o f  the pos t - t ransp l ant rhythm was indeed ident i c a l  t o  
the rhythm o f  the donor ( Tabl e  2 ) .  The p e r i od o f  the res tored rhy t hm  
was a lways approximately 2 4  hours when t h e  donor wa s w i l d - type ; t h e  
p e r i od was always about 22 hours when t h e  donor was het e ro zygou s ; a n d  a 
homo zygous mutant donor a lways r e s u l t e d  i n  pos t - transp lant per i ods of 
about 2 0  hours. There was no apparent e f f e c t  o f  the hos t  g enotype on 
the obs e rved pos t - t rans p l ant rhythms ( Ra l ph e t  a l . , 1 9 9 0 ) . The r e su l t s  
o f  thi s exper iment further support e d  the conc lus ion that the SCN i s  the 
Tabl. 1. Exper imenta l evidence suppor t ing the theory that the 
suprachiasmat i c  nuc l eus is re spons ible for the regu l a t i on o f  mamma l ian 
c i rcad i an rhythms . ( From Ra lph e t  a1 . ,  1 9 9 0 ) . 
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BVIDBNCB THAT THB SCN IS THE SI TE OP THE CIRCADIAN PACBHAKBR: 
1 .  THE SCN IS THE TARGET OF D IRECT AND INDIRECT RETINAL PROJECTIONS 
REQUIRED FOR ENTRAINMENT TO ENVIRONMENTAL CYCLES 
2. THE SCN EXH IB ITS STRONG C IRCAD IAN RHYTHMS OF GLUCOSE UTIL IZATION 
IN VIVO 
3 .  ABLATION OF THE SCN OR ITS SURGICAL ISOLATION WITH IN THE BRAIN 
ELIMINATES OVERT BEHAVIORAL RHYTHMIC ITY AND RHYTHMIC ELECTRICAL ACT IV ITY 
IN THE BRAIN 
4 .  TISSUE EX PLANTS CONTAINING THE SCN CONTINUE TO EXPRESS C IRCAD IAN 
RHYTHMS IN ELECTRICAL ACTIVITY AND VASOPRE S S IN RELEASE IN VITRO 
5 .  C IRCAD IAN RHYTHMI C ITY CAN BE RESTORED TO SCN-LES IONED ARRHYTHMIC 
HOSTS BY IMPLANTATION OF FETAL BRAIN TISSUE CONTAINING SCN CELLS 
Table 2. The obs erved whe e l - runn i ng rhythm o f  the SCN- l e s i oned hos t  
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s i t e  o f  the c i rcadian pacemaker in mamma l i an sys t ems . 
In add i t ion to shortening the per iod o f  the carr i e r's act ivi ty 
cyc l e , the tau mutat ion has a d i s t inct e f f e c t  on the s e c retory rhythms 
of cort i so l  and lut e i n i z i ng hormone . Loudon and h i s  c o l l eagues ( 1 9 9 4 )  
s tud i ed the impact of t a u  o n  rhythm i c  hormone rel e a s e  in the f ema l e  
hams t e r . Both norma l and t a u  f ema l e  hams t e r s  were ovar i e c t omi z e d  and 
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kept in cond i t ions o f  con s tant l ight . Hormone pu l s e  f requency was 
mea sured as was pu l s e  amp l i tude , hormone ha l f - l i f e ,  bur s t  amp l i tude , and 
ma s s  o f  hormone per burs t . Although a short ened per iod might sugg e s t  a 
shortened hormone interpu l s e  i n t e rva l , the oppo s i t e  e f f e c t  was found . 
The t a u  fema l e s  actual ly pre s ented a longer i n t e rpu l s e  i n t e rva l t han 
norma l f ema l e s . For LH s e c r e t ion , t h i s  i n t e rva l was l onger by more t han 
6 minu t e s  ( 16%) . For cort i s o l  s e cret i on , thi s i n t e rva l was longer by 
more than 5 minut es ( 18 % ) . None o f  the other s e c re tory charact er i s t i c s  
o f  the s e  part i cular hormone s  were apparent ly a f f e c t ed by the mutat ion . 
The conc lus ion f rom the s e  exper iment s was that , in add i t ion t o  the 
e f f e c t  on the c i rcadian sys t em ,  the t a u  mutat ion a l so a l t e r s  the 
u l t rad ian pu l s e  frequency of cort i s o l  and LH , each of whi ch are 
u l t imate ly regu lated by d i f f e rent hypotha l am i c  r e l ea s i ng hormone s .  The 
mechan i sms regulat ing thi s  e f f e c t  have yet to be uncovered . 
Obje ctive s 
From the a forement ioned exper imen t s , i t  can be a s s umed that the t a u 
mutat ion i n  the go l den hams t e r  shortens the per i od o f  the a c t ivi ty cyc l e  
but increa s e s  the interpu l s e  interval o f  two important hormones . To 
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dat e , the s e  are the on ly known e f fect s o f  t h i s  mutat i on . However ,  i t  
wou l d  s e em that a homozygote wou l d  man i f e s t  other charac t er i s t i c s  that 
wou l d  d i f f e rent iate i t  from a wi l d - type . I f  we a ssume that the day o f  
the mutant i s  represented by the per i od o f  i t s  act ivi ty cyc l e , a 
homo zygote exper i ences 1 . 2 days every 2 4  hou r s . What , then , are the 
e f fect s of this var iat ion of the int erna l c lock on the phy s i o l ogy of the 
hams ter , spec i f i ca l ly reproduct ive func t i on? W i t h  this que s t i on i n  
mind , t h e  experiment s s e t  forth in t h i s  the s i s  were de s igned t o  examine 
the impact o f  the t a u  mutat i on on four spec i f i c  aspe c t s o f  the 
reproduct ive sys t em : 1 )  The preovulatory LH surge 2 )  The t ime to 
t e s t i c u l ar at rophy in ma l e  hamst e r s  exposed to a short ened photop e r i od 
3 )  The rat e o f  recrudescence f o l lowing gonada l regression 4 )  The t ime 
to the on set of ane s t rus in f ema l e  hams t e r s  exposed to a short ened 
photoperiod . 
General 
MATBRIALS AND MBTHODS 
Adu l t , s exua l ly mature wi ld- type hams t e r s  wi l l  be purchased from 
Cha r l es River Laborator ies ( W i lmington , MA). Adu l t , s exua l ly mature t a u  
hamst ers wi l l  be obt a i ned from the c o l ony bred i n  the laboratory o f  
Mi chael Menaker ( Char lot t esvi l l e ,  VA ) . Ta u ma l es beg i n  puberty about 
the same t ime as the wi�d - type ma l es but t a u  f ema l es t end to beg i n  
puberty s l i ght ly later than the i r  wi l d - type count e rparts ( Menake r , 
pe rsonal correspondence ) . In these' exp e r iments ,  wi l d - type and t a u  ma l e s  
wi l l  b e  age -mat ched according t o  the day o f  birth . Wi l d - type and t a u  
fema l es wi l l  be age -mat ched ac cording t o  the day o f  the ons e t  o f  
pube rty . 
The wi ld-type hamst ers wi l l  be hou s ed in a room with a 14 : 10 LD 
( l i ghts on at 0 5 0 0  hours ) cyc l e . The mutants wi l l  be ma intai ned i n  a 
11 . 7 : 8 . 3 ( 11 hours and 4 2  minut e s : 8 hours and 18 m i nut es ) LD cyc l e . 
The l a t t e r  is a 2 0 -hour cyc l e  that has the s ame l ight -dark rat i o  a s  the 
2 4 -hour 1 4 : 1 0 cyc l e . At t empts t o  raise tau mutant s i n  a 2 4 -hour l ight­
dark cyc l e  have previous ly met with que s t i onab l e  resu l t s  ( Ra l ph and 
Menaker , 1 9 8 8 ; Menaker e t  a l . ,  1 9 9 4 ) . Ta u hamst ers ra i sed i n  a l ight­
dark cyc l e  s imi lar t o  that of the i r  wi l d - type c ounterpart s and p laced 
into cond i t i ons of con s t ant darkness were found t o  d i sp l ay an 
exaggerated phase shi ft i n  whee l - runn ing act ivi ty after exposure t o  a 
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s ing l e  l i ght pu l s e . I t  i s  thought that the mutat ion increas e s  the 
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hams t e r s ' s ensit ivity to r e s idua l e f f e c t s  o f  the previou s ly exper i en c e d  
l ight cyc l e . The int roduct i on o f  the 2 0 -hour reg imen has e l iminat ed 
many o f  the ext raneous react i on s  o f  the hams t e r s  t o  the l ight -dark cyc l e  
( Sh imomura and Menaker ,  19 9 4 ) . For the sake o f  c l ar i ty in the 
de s c r ipt ion o f  the s e  exper imen t s , "l i ght cyc l e " wi l l  be used in p la c e  o f  
" day" . In the tau anima l s , the l ight cyc l e  i s  2 0  hours long , as i s  
the i r  act ivity period . In the w i l d - type anima l s , the l i ght cyc l e  i s  2 4  
hours long to match the duration of their activity cycle .  
P r i or to the ons e t  o f  the exper iment , the an ima l s  wi l l  be hous ed 4 
t o  a cage ( each cage cont a i n i ng age -mat ched an ima l s  o f  the s ame sex and 
genotype) , as de s c r ibed i n  previous exper iment s ( Ba s t  and Greenwa l d ,  
1 9 74; Seegal and Go ldman , 19 7 5 ;  S t e t son e t  a l . ,  1975 ) . Food and wat e r  
wi l l  b e  provided ad libitum, and the room t emperature wi l l  b e  ma i nt a i ne d  
o 0 
at 21 -23 C. Dur i ng the t ime i n  cons t ant darkne s s , the ma l e s  wi l l  be 
hou s ed 2 to a cage whi l e  the f ema l e s  wi l l  be housed individua l ly to 
prevent the i n f luence o f  one an ima l's e s t rous cyc l e  on the per i od o f  
another . 
Determination of the Estrous Cycle 
There has been some deba t e  a s  to what t echn i que i s  the mos t  
accurate in mon i t or ing t h e  pha s e s  o f  the hams t e r  e s t rous cyc l e . Seve r a l  
inve s t igators have re l i ed o n  t h e  pre s ence o f  a da i ly vag i na l  d i s charge 
( Or s i n i , 1 9 6 1 ; Labh s etwar , 1 9 7 2 ; .Norrnan e t  a l . ,  1 9 7 2 ; Ba s t  and 
Greenwa l d ,  1 9 7 4 ) , whi l e others pre f e r  t o  u s e  a vag inal l avage ( A l l eva et 
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a l . ,  19 71; Bridges and Go ldman , 1975 ) . 
The vag inal d i s charge method was proposed by Margaret Ors i n i  ( 19 61 )  
a s  a s imp l i f i ed means o f  checking the progre s s i on o f  the hams t e r  e s t rous 
cyc l e . Her obs ervat ions l e d  her to propos e  that there was a 
charact e r i s t i c  pos t � e s t rous d i s charge that was pres ent on the day 
fol lowing e s t rus in norma l ly cyc l ing hams t er s . Thi s  d i s charge cou l d  be 
pres ent ext erna l to the vag inal open ing or it cou l d  be ext ruded through 
s l ight pres sure at the s ide s of the or i f i c e . According to Ors in i , the 
d i s charge s een on d i e s t rus I is thick , whi t e , opaque , and s t r i ngy . 
Subsequent ly , a waxy p lug i s  obs e rved on d i e s t rus I I ,  there i s  no 
d i s charge on proe s t rus , and the d i s charge on the day of e s t ru s  is a 
t rans lucent and s l ight ly s t r i ngy mucu s . Acyc l i c f ema l e s  con s i s t ent ly 
pres ent with sma l l  waxy b l ebs or a whi t e , non -mucous substanc e . Thi s  
method o f  t e s t ing the regu l a r i ty o f  the e s t rous cyc l e  i s  good when 
working with large numbe rs o f  an ima l s . 
The vag inal lavage method has been used with great suc c e s s  i n  many 
rodent s .  A sma l l  amount of s a l ine is l oaded into an eye dropper whi ch 
ha s had the end cut o f f  and f lamed unt i l  smooth .  The f i l l ed droppe r  i s  
p l a c e d  over the surface o f  the vag ina and the area i s  washed . The 
s a l ine s o lut ion and suspended c e l l s  are ret r i eved and p laced onto a 
s l ide t o  be vi ewed under the mi cros cope . I n  rat s , each day o f  the 
e s t rou s cyc l e  has a charac t er i s t i c  c e l lular compos i t ion . Nuc l e a t e d  
ep i t he l i a l  c e l l s  a r e  s een o n  proe s t ru s ; f lat , s quamous ,  corn i f i e d  c e l l s  
are indicat ive o f  e s t ru s ; sma l l  c e l l s  ( leukocyt e s ) are obs erved on 
diestrus I and I I . I t  mus t  be not e d  that a l though the s e  part i cu l a r  c e l l  
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typ e s  are consp i cuous on the s e  days , one actua l ly expec t s  t o  s e e  a 
mixture o f  ce l l s . The relat ive predominance o f  ce l l s  wi l l  be recorded 
and the actua l  days o f  the cyc l e  wi l l  be dec iphered a f t e r  accumu l at i on 
o f  adequate data . There are d i f f erence s , however , i n  the e s t rous smea r  
ce l l  compo s i t ion o f  t h e  hams t e r  as oppos ed t o  that o f  the rat . A l l eva 
and h i s  col leagues ( 1 9 7 1 )  u s e d  the vag i na l  l avage me thod to det e rmine 
cyc l i c i ty in the i r  f ema l e  hams t e r s  but obs e rved nuc l eated ep i t he l ia l  
c e l l s  on d i e s t rus I inst ead o f  on proe s t rus a s  in the rat . L i s k  ( 1 9 8 5 ) 
c l a ims that the amount o f  c e l l u l ar mat e r i a l  and muc in d i s charged i s  t oo 
cop ious for the smear to be adequa t e ly ana ly z e d . There i s  a l s o  the 
added r i s k  of indu c i ng ps eudopregnancy by acc identa l ly insert ing the 
dropper into the vag ina . Some inve s t i gators have u s ed a combinat i on o f  
the d i s charge and lavage methods t o  con f i rm cyc l i c i ty ( St e t son and 
Gibson , 1 9 77 ;  Stet son and Anderson , 19 8 0 ) . 
The i n i t ial phase o f  the s e  exp e r iment s wi l l  be des igned t o  
determine wh i ch of the s e  two methods ( vag inal d i s charge and vag ina l 
lavage ) i s  mos t  appropriate for re l i ably pred i c t i ng the day o f  
proe s t rus . Ten wi ld-type f ema l e s , mai nta ined in a 14 : 1 0 L D  cyc l e , and 
10 tau f ema l e s , kept i n  cond i t i on s  o f  1 1 . 7 : 8 . 3  LD , wi l l  be mon i tored for 
2 0  l ight cyc l e s . Once every l ight cyc l e , each an ima l  wi l l  be checked 
for vag inal d i s charge , a vag ina l  l avage wi l l  then be performed . The 
t e s t ing wi l l  be done between 0 8 0 0  and 1 2 0 0  hours with the w i l d - type 
anima l s , and 3 t o  6 hours a f t e r  l ight s -on with the t a u  mutant s .  
Obs e rvat ions wi l l  be charted da i ly and used t o  a s s e s s  whi ch o f  the s e  two 
methods is the mos t  a c curate for the det e rminat ion of the days of the 
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e s t rous cyc l e  i n  both wi ld- type and tau f ema l e s . 
Preovulatory LH Surge 
Ten w i l d - type and 1 0  t au mutant f ema l e  hams t e r s  wi l l  be ma inta ined 
in LD cyc l e s  of 1 4 : 1 0 and 1 1. 7 : 8. 3 ,  respe c t ive ly ,  and obs erved for s ig n s  
o f  a regu lar e s t rous cyc l e . On ly tho s e  anima l s  that d i s p l ay a regu l a r  
e s t rous cyc l e  wi l l  b e  u s e d  i n  thi s exper iment . A f t e r  the an ima l s  
d i sp l ay 3 consecut ive e s t rous cyc l e s , they wi l l  b e  cathe t e r i z ed w i t h  a n  
intra-at r i a l  bl eeding cathe t e r  o n  d i e s t rus I I . The wi l d - type hams t e r s  
wi l l  have blood s amp l e s  drawn every hour from 1 2 0 0  t o  2 0 0 0  hours o n  the 
day o f  proe s t rus . The mut ant hams t e r s  wi l l  have blood drawn every 5 0  
minu t e s  from 5 . 8 5 hours ( 5  hours and 5 1  minut e s ) a f t e r  l ight s on t o  one 
hour a f t e r  l i ght s o f f . For both groups o f  anima l s , the s amp l ing wi l l  
beg in ha l f -way through the i l luminated port ion o f  the cyc l e . The tau 
hams t e r s  wi l l  be s amp l e d  every 5 0  minut e s  becau s e  th i s  per i od repre s ent s 
the s ame relat ive interva l i n  a 2 0 -hour day that 1 hour repre s ent s i n  a 
2 4 -hour day . 
The blood samp l e s  wi l l  be drawn u s ing a hepar i n i zed syr inge and 
each s amp l e  wi l l  have a vo lume of approximat e ly 2 5 0  uL . The c o l l e c t ed 
s amp l e s  wi l l  be cent r i fuged , the p la sma wi l l  be co l l ected and f r o z e n . 
The red bl ood c e l l s  wi l l  be suspended i n  s a l ine and returned t o  the 
an ima l a f t e r  the subs equent s amp l e .  The f i r s t  s amp l e  wi l l  be rep laced 
w i t h  an equa l vo lume o f  s a l ine . 
Each s amp l e  wi l l  be a s s ayed individua l ly through doubl e  ant i body 
rad io immunoas say ( RIA ) , u s ing a rabb i t  ant i rat LH ant i s e rum from N I DDK 
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( Bethesda , MD ;  NIDDK , LH ant i s erum S 9 ) . Iodinat i on o f  LH ( NI DDK rLH 
Iodinat i on Mater i a l ) wi l l  be done u s ing the chl oramine -T method . The 
ant i body - hormone comp l exe s wi l l  be pre c i p i tated u s ing goat ant i rabb i t  
gammag lobu l i n ,  and the bound f rac t i on wi l l  b e  count ed . The det e ct ab l e  
min imum and maximum L H  concent rat i on s  corre spond t o  0 . 1  and 1. 9 n g  N I DDK 
rat re f erence preparat ion ( LH RP- 2 ) . We ant i c ipat e intra-and i n t e ra s s ay 
coe f f i c i ent s o f  var iat ion t o  be between 5 %  and 10 % . We expect the rat 
LH RIA to be appropriate for our hams t e r  s amp l e s  s ince Loudon et a l . 
( 19 94) found that , " Homogenat e s  o f  hams t e r  ant e r i or p i tu i t ar i e s  and 
p l a sma poo l s  contain ing h i gh LH concent rat ions di luted in para l l e l  t o  
the s tandard curve acro s s  the det ec t ab l e  range " .  
Te s t i cu l ar At rophy and Subs equent Recrude s c ence in a Short ened 
Photoperiod 
A total of 1 0  wi l d - type , ra i s ed i n  cond i t i on s  o f  1 4 : 1 0 LD , 
and 10  tau mutant ma l e s , ra i s ed i n  cond i t ions o f  1 1 . 7 : 8 . 3  LD , wi l l  u s e d  
in thi s s tudy . Pr ior to the ons e t  o f  the exper iment , a l l  o f  the an ima l s  
wi l l  be ane sthet i z ed with sodium pentobarb i t a l  ( 5 0 mg / kg ; I P )  and the 
l ength and width of the r i ght t e s t i s  wi l l  be measured through the 
shaved s crotal skin ( Ne l s on and Zucker , 19 8 7 ) . As de s c r ibed be l ow ,  a 
laparotomy wi l l  be per formed on 2 o f  the w i l d - type and 2 o f  the tau 
ma l e s  in order t o  obt a i n  a more prec i s e  measure o f  the l ength and w i dt h  
o f  the t e s t e s  prior t o  exposure t o  a short -day photoper iod . The s k i n  
over t h e  abdomen wi l l  b e  shaved , c l eaned , and i nc i s e d , and an i nc i s i on 
w i l l  be made a l ong the l i nea a lba . The r i ght t e s t i c l e  wi l l  be brough t 
into the abdomen and measured ( Rusak and Mor i n , 1 9 7 6) . Al l t e s t i cu la r  
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measurement s wi l l  be performed u s ing a vern i e r  c a l iper . The l ength and 
the width o f  the t e s t e s  wi l l  be u s ed t o  c a l cu l a t e  the vo lume o f  the 
t e s t e s  throughout the dura t i on of the exper iment . The vo lume wi l l  be 
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de t e rmined with the formu l a : vo lume = 4 / 3 nab , where a = l ength and b=width 
o f  the testes ( Kr i eg et a l . ,  1 9 8 7 ) . Fo l l owing t h i s  procedure , a l l  o f  
the an ima l s  wi l l  be p laced into short ened photop e r i ods cons i s t i ng o f  
1 0 : 1 4 and 8 . 3 : 1 1 . 7  LD , respect ive ly . Beginn ing 1 0  l ight cyc l e s  a f t e r  
the t rans fer to the short ened photoper iod , the l engths and widths o f  the 
r i ght t e s t e s  wi l l  be measured every 7 l ight cyc l e s  t o  check for 
regre s s ion and subs equent recrude s cence . An ext erna l t e s t e s  width o f  
l e s s  than 8 rom i s  a de f i n i t ive s i gn . o f  regre s s i on , whereas a width o f  
more than 1 2  rom i s  cons idered to be norma l ( Ne l son and Zucker , 1 9 8 7 ) . 
I n  add i t ion , laparotom i e s  wi l l  be performed on 2 randomly cho s en wi l d -
type ma l e s  and 2 randomly chosen t a u  ma l e s  every 7 l i ght cyc l e s  t o  
obt a i n  more accurate measurement s o f  t h e  t e s t i cular l ength and width . 
Thos e  mea surement s obta i ned dur i ng the l aparotom i e s  wi l l  be u s ed t o  
de t e rmine the vo lume o f  t h e  t e s t e s  throughout t h e  exper iment . The s e  
obs e rvat ions wi l l  cont i nue for 3 1  weeks whi ch shou ld b e  a n  adequat e 
amount o f  t ime for recrude s cence to occur in both the w i l d - type and tau 
mutant ma l e s . 
Time to Ane s t rus i n  a Short ened Phot operiod 
Ten wi l d - type and 1 0  t a u  f ema l e  hams t e r s  wi l l  be mon i tored f o r  
cyc l i c ity . On ly tho s e  anima l s  that d i s p l ay regu l a r  e s t rou s cyc l e s  wi l l  
\ 
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be u s e d  in t h i s  exper iment . The wi l d - type an ima l s  wi l l  be p l a c e d  i n  
cond i t i ons o f  1 0 : 1 4 LD , the t a u  f ema l e s  wi l l  b e  ma i n t a ined o n  an 
8 . 3 : 1 1 . 7  LD cyc l e . The an ima l s  wi l l  be checked once every l ight cyc l e  
for s i gns o f  a regu lar e s t rous cyc l e . An an ima l i s  thought to be 
acyc l i c  once she has pas s ed 8 l ight cyc l e s  without an e s t rous smear 
( Br i dges and Go ldman , 1 9 7 5 )  or a proe s t rous d i s charge . Thi s  exper iment 
wi l l  cont inue for 8 weeks , which shou ld be a s u f f i c i ent l ength o f  t ime 
for ane's t ius to odcui iIi both the wi ld- type and t a u  mutant f ema l e s . 
Ana lys i s  o f  Resu l t s  
The data from the s e  exper iment s wi l l  b e  ana ly z ed by ana lys i s  o f  
var i ance ( ANOVA ) and t h e  appropr iate post -hoc t e s t s . A u p "  va lue o f  
l e s s  than 0 . 0 5 wi l l  b e  accepted as s ign i f i cant . For the s tudy o f  the 
preovu latory LH surge i n  both genotype s ,  the re lat ive t ime o f  the surge 
a f t e r  l i ght s -on and the amp l i tude o f  the surge wi l l  be compared . The 
abs o lu t e  number of day s and the number of l ight cyc l e s  to the on s e t  o f  
gonada l regre s s i on ,  recrude s cence , and ane s t rus wi l l  be compared t o  
de t e rmine d i f ference s  i n  the s e  parame t e r s . 
Preovulatory LH Surge 
E X P E C T E D  RE SULTS 
The pre -ovulatory LH surge is known t o  oc cur around 1 5 0 0  hours on 
proe s t rus in those wi l d - type f ema l e s  that are ma i n t a i ned on a 1 4 : 1 0 LD 
cyc l e , with the l ight s on at 0 5 0 0  hours ( Go l dman and Porter , 1 9 7 0 ;  
Turgeon and Greenwa l d ,  1 9 7 2 ; Bas t  and Greenwa l d , 1 9 7 4 ) . Thi s  i s  
approx imat e ly 1 0  hours a f t e r  l ight s -on , o r  5 / 7  o f  the way through the 
l i ght port ion of the LD cyc l e . In the t a u  fema l e s , we expect an LH 
surge on the afternoon of proe s t rus within the s ame re lat ive t ime 
per iod , 5 / 7  of the way through the l ight port i on of the LD cyc l e . As 
the l ight port ion o f  the t a u  l ight ing reg imen is 1 1 . 7  hours ( 1 1 hou r s  
and 4 2  minutes ) ,  the L H  surge i s  expected t o  occur 8 . 4  hours ( 8  hou r s  
and 2 4  minutes ) a f t e r  l ight s -on o n  t h e  day o f  proe s t rus . The obs e rved 
p l a sma l eve l s  o f  LH in the t a u  f ema l e s  shou ld be s imi lar to tho s e  
recorded in the wi l d - type f ema l e s . 
Te s t i cular At rophy and Subs equent Rec rude s cence in a Shortened 
Photoperiod 
The t ime t o  t e s t i cu l ar regres s i on and r e c rude s cence i n  ma l e  
hams t e r s  i s  expected to t ake l e s s  absolute t ime i n  the t a u  ma l e s  but 
shou l d  occur in approximat e ly the s ame number of l ight cyc l e s  as in the 
wi l d - type ma l e s . When ma l e  hams t e r s  are p l aced in a short ened 
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photop e r i od ,  t e s t icular regre s s ion wi l l  be not i ceab l e  between 7 and 8 
weeks , or 4 9  to 5 6  l ight cyc l e s . Rec rude s c ence wi l l  beg in between 1 8  
and 2 0  weeks ( El l iott , 1 9 7 6 ;  St eger e t  a l . ,  1 9 8 2 ) , o r  1 2 6  t o  1 4 0  l ight 
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cyc l e s , after the int roduct ion o f  t h i s  l ight i ng reg imen . When t a u  
hams t ers are p laced into cond i t ions o f  8 . 3 : 1 1 . 7 LD , gonada l regre s s i on 
shou ld be apparent within 4 9  t o  5 6  l i ght cyc l e s . Thi s  wou l d  be 4 0 . 8  t o  
4 6 . 7  absolute days , between 6 and 7 weeks , a f t e r  the int roduc t i on o f  the 
short ened photoper i od . Re c rude s cence i n  the t a u  hams t e r  i s  pred i c t ed t o  
occur within 1 2 6 to 1 4 0  l ight cyc l e s  in the short -day photoper i od . Thi s  
i s  the equ iva l ent o f  1 0 5  t o  1 1 6 . 7  absolute days , o r  1 5  t o  1 7  weeks i n  
wi l d - type an ima l s . As with the wi l d - type an ima l s , the gonads fo l lowing 
recrude s c ence shou ld return to pre - regre s s ion s i z e  and funct ion . 
Time t o  Ane s t rus in a Shortened Photoperiod 
As with gonada l regre s s i on and subs equent recrude s c ence , the t ime 
to ane s t rus in the t a u  f ema l e s .  expos ed to a short ened photoper iod shou l d  
take l e s s  absolute t ime , but approximat e ly the s ame number l ight cyc l e s , 
as the t ime to the ons e t  o f  acyc l i c i ty in wi l d - type f ema l e s  ma inta ined 
i n  a short - day env i r onment . Female s  hams t e r s  that a r e  ma i n t a ined in a 
1 0 : 1 4 LD cyc l e  shou ld become acyc l i c  within 7 weeks ( Seega l and Go ldman , 
1 9 7 5 ;  Tamarkin et a l . ,  1 9 7 6 ) , or 4 9  l ight cyc l e s . The t a u  fema l e s  that 
are hou s ed in the short ened phot oper i od shou ld a l s o  become acyc l i c 
w i t h i n  4 9  l ight cyc l e s . Thi s  i s  the equiva l ent o f  4 0 . 8  abs o l u t e  day s , 
or a lmos t  6 weeks i n  wi l d - type anima l s . 
DISCOSSION 
The t a u  mutat ion i n  the golden hams t e r  is not re spons ible for any 
gro s s  changes in the appearance of the a f f e c t ed an ima l . I n s t ead , a t a u  
mutant hams ter presents with a n  act ivity p e r i od that i s  1 6 . 7 %  shor t e r  i n  
durat i on than that o f  a wi ld- type hams t e r . As suming that the per i od o f  
the whee l - runn ing act ivi ty i s  perce ived a s  a day by the anima l , the t a u  
hams ter expe r i ences a day that i s  2 0  hours in l ength . There fore , a t a u  
mut ant exper i ences 1 . 2  days every 2 4  hours . With t h i s  in mind , we 
expect that the reproduct ive phenomena of the t a u  hams ters wi l l  be 
funct i ona l ly s imi lar to tho s e  of wi l d - type anima l s , but wi l l  occur i n  
8 3 . 3 %  o f  the t ime that i t  take s f o r  the s e  event s  t o  t ransp i re i n  wi l d ­
type hams t ers . 
The pre -ovulatory LH surge has been demons t rated to be t empora l ly 
re lated to the act ivity cyc l e  o f  the hams t e r  ( St e t s on and Gibson , 1 9 7 7 ; 
Swann and Turek , 1 9 8 5 ) . In c a s e s  where a sp l i t  act ivi ty cyc l e  i s  
obs erved , there are a l so 2 L H  surges ( Swann and Turek , 1 9 8 5 ) . I t  
fo l lows that i f  the f requency o f  the whee l - runn ing act ivi ty i s  
increas ed , the frequency o f  the proe s t rous L H  surge wi l l  a l s o  be 
increased . The pre - ovu latory surge in the t a u  f ema l e s  is expec t e d  t o  
occur every four act ivi ty cyc l e s , whi ch wi l l  b e  once every 8 0  hou r s  
i n s tead of onc e  every 9 6  hour s ,  a s  i n  t h e  wi l d - type f ema l e . The LH 
surge i n  the w i l d - type f ema l e s  occurs approxima t e ly 10 hours . into a 1 4  
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hour l i ght phas e ,  or 5 / 7  o f  the way through the l ight port ion o f  the 
cyc l e . Us ing 5 / 7  o f  the l ight phas e  to det e rmine the t iming o f  the 
surge , we e s t imate that the proe s t rous LH surge in the t a u  fema l e  wi l l  
occur about 8 . 4  hours a f t e r  l ight s -on . I t  i s  reasonab l e  to a s s ume that 
the p lasma LH conc entrat i on is su f f i c i ent t o  induce ovu lat ion a s  there 
are no known probl ems breeding the tau hams t e r s  in the l aboratory . Ta u 
l i t t e r  s i z e s  range f rom 8 to 1 8 , with an average s i z e  o f  1 1  or 1 2 , whi ch 
i s  comparable to the l i t t e r  s i z e s  o f  wi l d - type hams t e r s . In add i t i on ,  
t h e  ges tat ion per iod of the t a u  fema l e  i s  the s ame i s  in the wi l d - type , 
1 6  day s ( Menaker , persona l corre spondenc e ) . 
I t  shou ld be kept i n  mind that Loudon and hi s col l eagues ( 1 9 9 4 ) 
found that the t a u  mutat i on increas ed , not decreas ed , the s e c re t ory 
interpu l s e  LH interva l in ovar i e c t omi z ed hams t e r s . There i s  a 
pos s ibi l i ty that the mutat i on wi l l  a f fe c t  the LH surge in a s imi lar 
manner in our exper iment s .  I t  may be obs e rved that even though the 
act ivity cyc l e  i s  occurr ing more frequent ly in the t a u  f ema l e s , the 
proe s t rous LH surge may be de layed . The ep i sodi c  LH s e c ret i on in 
ova r i e c t omi zed hams t e r s  obs erved by Loudon and his cohort s ( 1 9 9 4 ) is  a 
c i rcahora l rhythm , whereas the preovulatory LH surge repre sent s a 
c i rcadian rhythm . I n  thi s regard , the pot ent i a l  for s ign i f i cant change s  
i n  the t iming o f  the preovulatory L H  surge due to the t a u  mutat ion m i ght 
be dimin i shed . 
I t  i s  intere s t ing to c on s i der the e f f e c t  that l i ght has on the 
var i ous a c t i vi t i e s  o f  the hams t e r . I n  the pro l onged abs ence o f  l ight , 
the an ima l free - runs on i t s  endogenous act ivity p e r i od and the 
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reproduct ive organs beg i n  t o  i nvo lut e . Gonada l regre s s i on i s  an 
evo lut i onary mechan i sm that ensures that the hams t e r  wi l l  not reproduce 
when the envi ronment a l  cond i t ions are poor . Although the t a u  mutant i s  
not known t o  exi s t  out s ide o f  the l aboratory , i t  i s  not unreasonab l e  t o  
expect that both the ma l e  and f ema l e  mut ant s exper i ence a los s o f  
reproduct ive funct ion i n  the abs ence o f  l ight . 
I t  was a l ready noted that the s e  anima l s  exper i ence 1 . 2 days every 
2 4  hours . To avo id con fus ion ,  the t e rm " l ight cyc l e " has been used 
i n s t ead o f  " day · in t h i s  thes i s . I t  i s  pred i cted that regre s s i on , the 
ons e t  o f  acyc l i c i ty , and recrude s cence wi l l  occur in the s ame number o f  
l i ght cyc l e s  in the t a u  mutan t s  as in the wi l d - type hams t e r s . The s e  
proce s s e s  appear . to t ransp i r e  more qu i ckly i n  the mut ant s becau s e  the i r  
l i ght cyc l e  i s  only 2 0  hours in l ength . Regre s s ion , whi ch take s about 7 
t o  8 weeks in the wi l d - type hams t e r  ( E l l iot t , 1 9 7 6 ;  S t eger e t  a l . ,  
1 9 8 2 ) , i s  proposed to occur within 6 t o  7 weeks i n  the t a u  ma l e s . 
Although i t  takes l e s s  absolute days , the number o f  l i ght cyc l e s  t o  the 
ons e t  o f  regre s s ion is proposed t o  be equa l for the wi l d - type and t a u  
ma l e s . Recrude s c ence , whi ch t ake s 1 8  to 2 0  weeks i n  the wi l d - type 
ma l e s  ( E l l i ott , 1 9 7 6 ;  St eger et a l . ,  1 9 8 2 ) , is expec t ed to occur w i t h i n  
1 5  t o  1 7  weeks in t h e  t a u  ma l e s . Ane s t ru s  usua l ly t ake s p lace 6 t o  7 
weeks a f t e r  the int roduct i on o f  the shortened photoper iod ( Seega l and 
Go ldman , 1 9 7 5 ;  Tamarkin et a l . ,  1 9 7 6 ) . Yet , i n  the t a u  f ema l e s , 
acyc l i c i ty wi l l  be expected within 6 weeks . Aga i n , a l though i t  i s  
ant i c ipated t o  t ake l e s s  absolute t ime for the s e  event s  t o  occur in the 
tau mut ant s ,  the number of l ight cyc l e s  t o  the ons e t  of r e c rudes cence 
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and ane s t rus i s  propos ed t o  be equa l for both s t ra i n s  o f  hams t e r . 
Me laton in i s  thought t o  be the hormone re spon s ible for the los s o f  
reproduct ive funct ion i n  both the ma l e  and f ema l e  hams ters ( Turek e t  
a l . ,  1 9 7 5 ;  Tamarkin e t  a l . ,  1 9 7 6 ;  B i t tmann , 1 9 7 8 ) . Aga i n , referr ing t o  
the f i ndings o f  Loudon and h i s  co l l eagues ( 1 9 9 4 ) conce rn i ng the impac t  
o f  the mutat ion on the s ecretory rhythms o f  cort i s o l  and LH , i t  i s  
interest ing t o  ponder what e f fect , i f  any , the t a u  mutat ion has o n  the 
product ion and output o f  me laton i n . The secret ions o f  the pineal g l and 
( i nc luding me laton i n ) are con t ro l led by the suprachiasmat i c  nuc l e i  
( SCN ) , wh i ch are now known t o  b e  the c i rcadian pacemaker ( Ralph e t  a l . ,  
1 9 9 0 ) . Pe rhaps the mutat ion wi l l  somehow de lay t he ons e t  o f  gonada l 
regre s s ion and acyc l i c i ty by decrea s i ng or inhib i t i ng the product ion o f  
me laton i n . Regard l e s s , we pred i c t  that the t a u  mutat i on wi l l  a f f e c t  
only t h e  t iming o f  t h e  a f orement ioned reproduct ive func t ions , the 
inherent charact er i s t i c s  wi l l  remain intact . Ju s t  as t ransp lant at ion o f  
the SCN from the t a u  mutant reproduced the short ened act ivi ty cyc l e  i n  
the wi ld-type hos t , s imi lar t ransp l antat i on exper iment s wou ld be 
expected to a l t e r  the t iming of the preovu l atory LH surge and the 
photope r i od- induced ons e t  of gonada l regre s s i on ,  recrude s cence , and 
ane s t rus in an SCN- l e s i oned hos t . 
The i nve s t i gator who choo s e s  t o  work with the t a u  mut ant hams t e r  i s  
sure t o  be cha l l enged i n  a number o f  way s . F i r s t ly ,  there i s  a lack o f  
knowl edge a s  t o  the e f f e c t  o f  the mutat ion o n  the int e rna l sys t ems o f  
the hams t e r . Secondly , the t a u  hams t e r s  mus t  be kept in a spe c i a l  l ight 
cyc l e  in order to min imi z e  the s i de e f fect s of the l ight i ng reg imen on 
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the exper iment ( Ra lph and Menaker , 1 9 8 8 ; Menaker e t  a l . ,  1 9 9 4 ) . The 
1 1 . 7 : 8 . 3 LD cyc l e  provide s the s ame rat i o  of l i ght to dark per 2 0  hou r s  
as t h e  1 4 : 1 0 L D  cyc l e  provides per 2 4  hours ( Shimomura and Menaker ,  
1 9 9 4 ) . However ,  t h i s  cyc l e  cons i s t s  o f  1 1  hours and 4 2  minut e s  o f  l ight 
and 8 hours and 18 minut e s  of dark . Thi s  means that the inve s t igator 
may be taking s amp l e s  or recording obs ervat ions at odd hour s . A s pe c i a l  
anima l  room with a n  adj u s tab l e  l ight t imer mus t  b e  ava i lab l e  when 
working with the s e  anima l s . I n  add i t i on ,  the t a u  mutat i on i s  now 
thought to exert i t s  i n f luence by de s t abi l i z ing the component s o f  the 
c i rcadian sys t em ( Menaker e t  a l . ,  1 9 9 4 ) . In l ight o f  t h i s  view ,  i t  may 
be w i s e  for the inve s t i gator to expect un fore s een r e su l t s  in any work 
with the tau mutant hams t er s . 
The t a u  mutant hams t e r  i s  eas i ly abl e  to thr ive and reprodu c e  i n  
the laboratory , where the l ight ing s chedu l e  can b e  adapted to i t s  
unusua l c i rcadian period . I t  i s  intere s t i ng t o  ponder how t h i s  s t ra i n  
o f  gol den hams ter wou ld fare i n  the natura l wor l d ,  whi ch i s  a 2 4 -hour 
l i ght ing environment . Given what is known about the t a u  mutat ion , i t  
wou ld appear that a mutant wou ld b e  a s evere d i sadvantage in the 
wi l d ern e s s . The hams t e r  is a nocturna l an ima l . Even in the l aboratory ,  
the ons e t  o f  whee l - runn ing act ivi ty i s  recorded around the t ime o f  
l i ght s - o f f . Ra lph and Menaker ( 1 9 8 8 ) not ed that the het e r o zygo t e  for 
the mutat ion began whee l - runn i ng act ivi ty about 4 hours pr ior t o  l ight s ­
o f f  i n  a 1 4 : 1 0 LD cyc l e . I f  the t a u  hams t e r  beg i n s  h i s  act i v i ty be fore 
n ight fa l l ,  he places h ims e l f  at a great e r  r i s k  o f  attack by preda t o r s . 
Succ e s s fu l  breeding wou ld a l s o  pres ent a cha l l enge t o  the t a u  mutant . 
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The t ime o f  reproduct ive lat ency in the wi l d - type hams ter approxima t e s  
the l ength o f  the winter hibe rnat ion per i od . I f  th i s  interva l in the 
t a u  hams t e r  is shorter by 1 6 . 7 % ,  a s  predi cted in thi s thes i s , the t a u  
mut ant s wi l l  beg in the i r  breeding season when the envi ronment a l  
cond i t i ons are s t i l l  un favorab l e . I t  i s  pos s ib l e  that t a u  hams t e r s  
exi s t  out s i de of the laboratory . However , the i r  chan c e s  o f  surviva l  i n  
the natura l wor ld a r e  great ly decreased by t h e  impac t  o f  t h i s  mutat i on 
on the act ivi ty and reproduct ive cyc l e s . 
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